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Outline

* Diagnosing DYNAMO MJO forecasts using CAM

e Description of nudged MJO evolution in the
model

* Results from analysis of nudging tendencies to
diagnose biases in the evolving model solutions



SATEITANE FRLSYVIASD SRAT YR, TRYWEFE TS T Fehame

N

SRR INN SRR TN

fnasnnae) 2 raceivnt oo 272/7200014% 2" 500 tram zat22 s M



MJO Hindcast Experiment

* Hindcasts are initialized from ECMWF Reanalyses fields.

* The model boundary 1s forced using Reanalysis SST.

* 26 levels 1n the vertical,

» ~2° horizontal resolution

* Revised Zhang-McFarlane convection scheme : based on free-

tropospheric quasi-equilibrium.



Precipitation and zonal winds

(a) TRMM Precipitation and ERAI U850 (b) TRMM Precipitation

Observations
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Phase diagram

MJO Phase Diagram
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Hinacast Blases

(a) ERAI relative humidity [%] (b) CAM relative humidity [%]
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Zonal Wind
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Model Improvement

| Model improvement §




Model Improvement

IMJO Forecasts]
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* CAM nudged towards ECMWF during model event evolution

* Temperature, humidity, winds and surface pressure variables are

nudged



EXperiments

All variables nudged (Q, T, U, V,

ALLVAR
PS)
NOHUM Humidity not nudged
NOTEMP Temperature not nudged
NOVEL Velocity not nudged

ONLYHUM Humidity only nudged
ONLYTEMP Temperature only nudged
ONLYVEL Velocity only nudged




Time series of precipitation

Nudged CAM reproduces TRMM
orecipitation better than ECMWF



lotal precipitation

(a) TRMM Precipitation

(b) ERAI Precipitation
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(d) Total Precip. — No humidity nudging
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(e) Total Precip. — No temperature nudging

(c) Total Precip. — All Variables nudged
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(g) Total Precip. — Only humidity nudging
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(h) Total Precip. — Only temperature nudging
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Diabatic heating

Averaged over NSA region

Diabatic Heating due to Moist Processes
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Blas detection

Negative of nudging tendency = Model bias
(Model - Reanalysis)/timescale



ALLVAR Nudging tendencies
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(b) Q tendency bias [g/kg/day]
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(f) Vv tendency bias [m/s/day]

16/10  22/10

Too little upper
level condensation

Too little lower
level
reevaporation

Too much vert.
transport of zonal
momentum




pressure [hPa]

pressure [hPa]

—
)
o
=
f
(]
-
=)
[7)]
n
(4]
B
Q.

pressure [hPa]

pressure [hPa]

NOHUM

2210 2810 03/11
(c) Q misfit [g/kg]

—

< o>

6/10

1 1
- 0
N

HUMONLY

pressure [hPa]

10/10 16/10 22/10 28/10
(d) Q tendency bias [g/kg/day]

pressure [hPa]

10/10 22/10  28/10

-
v, XE ),
= ’\ 1 z 8 > —ﬁ\""

(f) Convective T tendency [K/day]

===

B N
o (=]
o (=)

2]
o
(=)

pressure [hPa]

pressure [hPa]

16/10 2210 2810
(i) U misfit bias[m/s]

pressure [hPa]

1010 16/10 22/10 28/10

03/11

03/11

umidity Nudging Experiments

No Humidity Nudging
tendencies are similar to
ALLVAR

It humidity alone is nudged,
convection Is too strong
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Temperature Nudging Experiments

NOTEMP
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MJO initiation, bu
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blases are small

It temperature alone is
nudged, humidity biases
are small but convection

starts too early.



MSE Budget (Free Trop.
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MSE Budget (Free Trop.)

MJO Initiation phase
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summary

- much faster phase speed,

The hindcast has a

- a dry relative humidity bias,
- a stronger zonal wind shear and
- a weaker MJO peak amplitude.

- Nudging tendency analysis shows

- Not enough diabatic heating from convection during the initiation and
developing phases of the MJO

- Not enough stratiform condensation in the upper troposphere and

* re-evaporation in the lower troposphere during the mature and decay
phases

- Too much down-gradient vertical transport of zonal momentum by
convection during the MJO evolution.
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